INTRODUCTION {#sec1-1}
============

Myofibroblasts are fibroblasts with smooth muscle-like features characterized by the presence of a contractile apparatus and found in the connective tissue stroma. They are found in normal tissues such as blood vessels, lymph nodes and bone marrow. Basically, they are thought to play a role in the synthesis of extracellular matrix (ECM) and its reorganization, as in wound healing.\[[@ref1][@ref2][@ref3]\] Myofibroblasts have also been shown to be present in various invasive and metastatic malignant tumors. Earlier, it was believed that their presence at the invasive front of the tumor was a part of the host defense mechanism against the tumor, but more recent studies suggest that the presence of these cells at the tumor front actually promotes the growth and invasion of the tumor.\[[@ref4][@ref5]\]

Changes in the stromal microenvironment are thought to play a key role in various pathologies including oral cancer. Stromal events such as activities of resident fibroblasts, myofibroblast differentiation and presence of specific stromal proteins such as fibronectin and proteolytic enzymes have been reported as key features in these lesions. Modification of ECM, thought to be mediated by myofibroblasts, has been reported to create a favorable microenvironment for tumor growth, invasion and metastasis.\[[@ref6][@ref7]\]

Several odontogenic lesions including keratocystic odontogenic tumors (KCOT) and ameloblastomas although defined as benign are known to demonstrate locally aggressive clinical behavior. Although the role of several epithelium associated factors have been studied in the relative aggressive biologic behavior of odontogenic cysts and tumors, only a few studies have investigated the role of non-epithelial factors, namely stroma and the components including myofibroblasts (MFs) that could contribute to the variable biologic behavior of these lesions. Hence, this study was undertaken to investigate the presence and number of myofibroblasts in 3 odontogenic lesions, namely dentigerous cyst (DC), KCOT and ameloblastoma and to compare the results with the known and reported biologic behavior of these lesions, in a quest to derive a correlation between the number of stromal myofibroblasts and the biologic aggressiveness of the lesions.

MATERIALS AND METHODS {#sec1-2}
=====================

This was a cross-sectional immunohistochemical study of selected cases of previously diagnosed DC, KCOT and multicystic ameloblastoma from our departmental archives. This study obtained the ethical clearance from the Institutional Thesis Protocol Review Committee. The archives in the Department of Oral Pathology and Microbiology were scanned to retrieve paraffin -- embedded blocks of previously diagnosed cases of DC, KCOT and multicystic ameloblastomas. Twenty cases each was selected to comprise the study group with a total sample size of sixty cases. Three micrometer thick sections were taken from each block and stained with hematoxylin and eosin stain to confirm the diagnosis under light microscopy. As a previous study\[[@ref8]\] had reported an inversely proportional relation between the number of inflammatory cells and the number of myofibroblasts, those cases which showed the presence of inflammatory infiltrate in the connective tissue were excluded from the study group, and only those cases devoid of inflammation were selected to make up the required number in the study group.

Three micrometer thick sections were then obtained from each of the selected cases for immunohistochemical staining with alpha-smooth muscle actin (α-SMA). The slides were deparaffinized by passing them through two changes of xylene for 5 min each. They were hydrated in two changes of 100% ethanol for 1 min each. The slides were then transferred to citrate buffer and autoclaved for antigen retrieval at 15 lbs pressure for 15 min. After allowing to cool, they were washed in phosphate buffer solution. The slides were then treated with protein block reagent for 10 min. Immunohistochemical staining was then performed using DAKO primary antibody (mouse antihuman antibody α-SMA) as per the manufacturer\'s instructions. The slides were then mounted in DPX and observed under light microscope for the results.

Ten representative fields were selected for counting in each of the α-SMA stained slides. For cystic lesions, counting was done from the field immediately beneath the lining epithelium. For solid tumors, it was done from the field immediately surrounding the epithelial tumor islands or strands. Counting was performed using "Labomed" binocular microscope with a 10x eyepiece fitted with a 1 cm^2^ graticule and x40 objective. The area encompassed by the graticule was taken as one microscopic field. The α-SMA positive cells (MFs) were identified in each of the ten fields chosen. The α-SMA positive cells in the blood vessel wall served as the control \[[Figure 1](#F1){ref-type="fig"}\]. Those cells immediately surrounding the blood vessels were not counted. All other positively stained cells in each field were counted and their numbers were recorded. The total number of MFs in all the ten fields counted for a slide was calculated. The mean number of MFs was also calculated.

![Photomicrograph showing alpha-smooth muscle actin positive cells in the blood-vessel wall that served as the control (IHC stain, ×400)](JOMFP-20-208-g001){#F1}

The percentage of α-SMA positive cells in each group was also calculated by noting the number of positive and negative cases separately for each of the 3 groups.

The distribution of MFs in positive cases from each group was also observed, i.e. whether the MFs were closer to the epithelial lining and epithelial tumor islands or if they were in the deeper part of the connective tissue stroma.

Statistical analysis of the data obtained was performed using IBM-SPSS 20.0 (Chicago, USA) software. Differences in the mean number of α-SMA positive cells in each group were analyzed using one-way ANOVA test. A *P* \< 0.05 was considered for statistical significance. Intergroup comparison of the mean value of MFs was performed using the Mann-Whitney U test.

RESULTS {#sec1-3}
=======

A total number of sixty cases were taken for the study, twenty from each group and the mean count of α-SMA positive cells (MFs) was 12.3 for DC, 22.9 for KCOT and 24.8 for ameloblastoma, with a *P* = 0.001, which was statistically significant. The percentage of a-SMA positive cases in each group was 60% for DC, 90% for KCOT and 95% for ameloblastoma \[[Table 1](#T1){ref-type="table"}\]. Among the three groups studied, ameloblastoma showed the highest mean number of MFs \[[Figure 2](#F2){ref-type="fig"}\], whereas DC showed the lowest number \[[Figure 3](#F3){ref-type="fig"}\]. KCOT showed a mean number of MFs, which was less than but very close to that of ameloblastoma, but much higher than that of DC \[[Figure 4](#F4){ref-type="fig"}\].
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![Photomicrograph showing numerous alpha-smooth muscle actin positive cells in the connective tissue stroma in ameloblastoma (IHC stain, ×40)](JOMFP-20-208-g003){#F2}

![Photomicrograph showing less number of alpha-smooth muscle actin positive cells in the fibrous wall in dentigerous cyst (IHC stain, ×100)](JOMFP-20-208-g004){#F3}

![Photomicrograph showing many alpha-smooth muscle actin positive cells in the fibrous wall in keratocystic odontogenic tumor (IHC stain, ×100)](JOMFP-20-208-g005){#F4}

Between the groups, the mean number of MFs was compared between DC and KCOT, and the difference was found to be statistically significant (*P* = 0.001). Between DC and ameloblastoma too, the difference in MFs was found to be statistically significant (*P* = 0.001). When these counts were compared between KCOT and ameloblastoma, the difference was not statistically significant.

The distribution of MFs was also observed in the stained sections of each group. In DC, out of the 12 cases which showed α-SMA positivity, the MFs were dispersed in the deeper portion of the fibrous capsule, away from the cystic lining. In the 18 cases of KCOT which were α-SMA positive, a high density of these cells was observed in the fibrous capsule immediately subjacent to the cyst lining \[[Figure 5](#F5){ref-type="fig"}\]. Among the 19 α-SMA positive cases of ameloblastoma, the positive cells were largely observed in the connective tissue adjacent to the tumor islands \[[Figure 6](#F6){ref-type="fig"}\].

![Photomicrograph showing numerous alpha-smooth muscle actin positive cells in the fibrous wall immediately subjacent to the epithelial lining in keratocystic odontogenic tumor (H&E stain, ×400)](JOMFP-20-208-g006){#F5}

![Photomicrograph showing many alpha-smooth muscle actin positive cells in the connective tissue stroma surrounding the tumor islands in ameloblastoma (IHC stain, ×400)](JOMFP-20-208-g007){#F6}

DISCUSSION {#sec1-4}
==========

Gabbiani *et al*. in 1971\[[@ref9][@ref10]\] on the basis of their experiments on the granulation tissue using different pharmacological agents, observed that granulation tissue at the wound site contained a group of contractile cells which promoted wound contraction and healing. They termed these cells as "myofibroblasts". Subsequent studies have highlighted the importance of these cells in different physiologic and pathologic processes of the body. It is now known that MFs are differentiated fibroblasts that express α-SMA and have characteristics intermediate between the conventional fibroblasts and the smooth muscle cells.\[[@ref3]\] Since their discovery, MFs have been reported to be found in giant cell fibromas,\[[@ref11]\] peripheral giant cell granulomas,\[[@ref12]\] sarcomas\[[@ref13]\] and gingival hyperplasias.\[[@ref14]\] There have also been reports that pulpal fibroblasts may acquire the phenotype of MFs through transforming growth factor beta 1 TGF-β1), secreted by the stromal cells which in turn upregulate their expression of α-SMA.\[[@ref15]\] MFs have also been shown to be present in the stroma of various malignant and metastatic neoplasms, in which, they were thought to be part of the host tissue reaction to prevent the infiltration/invasion of the neoplastic cells. The finding of numerous MFs at the invasive front of the tumor in these studies strengthened this thought.\[[@ref16]\]

However, research over the past 10 years has given abundant evidence on the fact that the presence of MFs at the invasive front of the tumor was not part of the host defense against tumor invasion, but on the other hand, their presence actually promoted invasion. Stromal microenvironment is thought to be extremely crucial for the maintenance of tissue integrity. The presence of cancer cells is followed by some changes that occur within the epithelium due to which the normal stroma is transformed into a reactive one. The neoplastic cells secrete TGF-β1 cytokine which is thought to promote the differentiation of fibroblasts into MFs.\[[@ref4][@ref5][@ref17]\] These in turn secrete cytokines and matrix metalloproteases which contribute to the destruction of the ECM facilitating tumor growth.\[[@ref18]\] Thus, due to their ability to modify ECM, MFs are thought to actively participate in both tumor invasion and metastasis. Referred to as stromagenesis, this process of ECM modification, orchestrated by the stromal MFs facilitates a favorable microenvironment in the stroma for the growth, invasion and metastasis of the tumor.\[[@ref17][@ref19]\]

Although many studies were carried out to investigate the role of MFs in malignant neoplasms including oral squamous cell carcinomas (SCCs),\[[@ref17][@ref20][@ref21]\] only a very few studies have investigated their presence and role in odontogenic lesions. Two of the earliest studies in this regard have researched on the presence of MFs in ameloblastomas,\[[@ref22][@ref23]\] whereas two recent studies have investigated their possible role in both odontogenic cysts and tumors.\[[@ref8][@ref24]\] With this background, the present study was undertaken to investigate the presence, number and distribution of MFs in three odontogenic lesions, namely DC, KCOT and ameloblastoma, and to correlate the same with the known reported biologic aggressiveness of the lesions.

It has been strongly suggested in the recent times that the presence of MFs at the invasive front is not a part of the host defense mechanism against tumor invasion, but it is a process that actually promotes tumor invasion. Several odontogenic lesions, especially KCOTs and multicystic ameloblastomas, although defined as benign are known to demonstrate locally aggressive behavior. However, only a few studies have investigated the role of nonepithelial factors (such as collagen and MF) that could contribute to the variable biologic behavior of these lesions. Hence, it warrants the need to evaluate the presence and distribution of MFs in odontogenic cysts and tumors and correlate the same with the known and reported biological behavior of these lesions.

The mean number of α-SMA positive cells (MFs) per high power field was calculated for each group, and this was found to be highest in ameloblastoma (24.8 ± 3.87) and lowest in DC (12.3 ± 4.05). KCOT showed a value close to but slightly lesser than that of ameloblastoma (22.9 ± 6.51). A previous study by Vered *et al*. in 2005\[[@ref24]\] states that DC showed the lowest number of MF positivity among the odontogenic cysts studied, whereas KCOT \[previously odontogenic keratocyst (OKC)\] showed the highest MF positivity. Two other studies\[[@ref8][@ref25]\] have reported that MF positivity was at least marginally higher in KCOT than in ameloblastoma, but without any statistically significant difference. In the present study, it was found that ameloblastoma showed a marginally increased count of MF when compared to KCOT, but this difference too was not significant. DC, on the other hand, showed significantly low MF positivity than both KCOT and ameloblastoma.

The percentage positivity of α-SMA staining in each of the three groups was also noted. DC gave the lowest percentage of positive MF staining (60%), ameloblastoma showed the highest percentage of positive MFs (95%), whereas KCOT showed 90% positivity for MFs. A previous study in this regard\[[@ref25]\] has reported a marginally increased positive staining for KCOT (OKC --92%) when compared to ameloblastoma (88%). However, there was no significant difference in the MF counts among both these groups.

Since cell population and turnover are controlled by a balance between cell proliferation and programed cell death, cell proliferation index and apoptosis index are considered important determinants in assessing the biologic aggressiveness of the lesions. Solid multicystic ameloblastomas show a locally invasive and infiltrative behavior with reported recurrences. KCOT (previously OKC) has been seen to possess intrinsic growth potential, leading to its reclassification as an odontogenic tumor by the WHO. Most of the earlier studies have reported a marginally higher proliferative activity in ameloblastic epithelium when compared to the epithelial lining of KCOT but without statistically significant differences between them.\[[@ref25][@ref26]\] In another study,\[[@ref27]\] it was shown that the mean silver stained nucleolar organizing regions (AgNORs) count was highest in ameloblastoma, followed closely by KCOT (OKC) and it was lowest in DC. AgNOR, a count of the proliferating capacity of the cell, was a measure of the clinical behavior of the lesions and those with higher scores would be expected to exhibit a more aggressive biologic behavior.

In the present study, the mean count of MFs in each group was correlated with the known and reported biologic behavior of the three lesions. Since it has already been reported that the MFs play a vital role in modifying the stroma which further led to the growth and invasion of tumor cells,\[[@ref17]\] the stromal MFs are considered to be the determinants of the aggressive nature of a lesion. Lombardi and Morgan, 1995\[[@ref28]\] were among the first to confirm the presence of the MFs in the wall of odontogenic cysts. They suggested that MFs may be part of a homeostatic response to the distension of the cyst wall caused by the cyst enlargement. Thus, increased number of MFs in the stroma of KCOT may be considered as directly proportional to its reported aggressive behavior, as compared to the DC, which showed lesser number of MFs in this study, and which reportedly has a lower growth potential when compared to KCOT and ameloblastoma.

The distribution pattern of MFs was also studied in the three groups. It was observed that in KCOT and ameloblastoma, the MF density was more immediately subjacent to the epithelial lining in KCOT and immediately surrounding the tumor islands in ameloblastoma, as compared to the presence of MFs in the deeper portion of stroma away from the lining epithelium in DC. This finding too is in agreement with some of the previous studies\[[@ref24][@ref29]\] which have reported increased MF staining in the stroma immediately surrounding the tumor islands in ameloblastoma and very close to the lining of KCOT.

The presence of MFs in the stroma, concentrated at the tumor invasive margins in SCCs has been linked to the role of these cells in the growth and progression of the lesion, by their ability to alter the ECM. A high density of stromal MFs in highly invasive oral SCCs has been interpreted as the involvement of MFs with the creation of a permissive microenvironment in the stroma for tumor growth, progression and invasion.\[[@ref3]\] A similar role of MFs could be proposed in the biologically aggressive lesions such as KCOT and ameloblastomas, which show a greater potential for growth when compared to other odontogenic lesions such as DCs. The high density of MFs in the stroma just beneath the lining epithelium and surrounding the tumor islands in KCOT and ameloblastoma, as seen in our study, may be a pointer to the role of these cells in the growth and further progression of these lesions. A positive link could thus be suggested that when more number of MFs were present in the stroma, a more aggressive behavior of the lesion could be anticipated. This could be because the odontogenic epithelium, especially in KCOT and ameloblastoma could act and modulate the stromal MF differentiation in a manner similar to that in SCC.

CONCLUSION {#sec1-5}
==========

The previous concept that MFs were part of the host immune response against tumor invasion has quite made way for the hypothesis that MFs may actually be part of the tumor mechanism, promoting its growth. Myofibroblasts may act in close association with the epithelial cells to bring about changes in stromal microenvironment, favorable to the growth and progression of the lesion. Thus, MFs may be of great value in predicting the possible biologic behavior and growth potential of lesions and they have also reaffirmed the role of stromal microenvironment in the growth and progression of the aggressive lesions.
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